Visualization of biomolecules in living cells remains challenging owing to their low expression levels and the complex intracellular environment. Although amplification techniques based on nucleic acid cascade reaction have benefited ultrasensitive biosensing of various targets such as RNA, proteins, and small molecule biomarkers in many areas, including molecular diagnosis and digital circuit computation, [1] [2] [3] [4] most amplification procedures, such as polymerase chain reaction (PCR) 5 and rolling circle amplification (RCA), 6, 7 require the participation of exotic enzymes, which hampers the further application of these techniques inside living cells. 8 Nonenzymatic catalytic amplification strategies based on DNA cascade reaction, such as hybridization chain reaction (HCR) and catalytic hairpin assembly (CHA), [9] [10] [11] are independent of exotic enzymes during the reaction process, therefore have become valuable tools for biomolecule detection both in vitro and in vivo. [12] [13] [14] Target initiated HCR has been programmed on gold nanoparticle 15 and graphene oxide 16 for messenger RNA (mRNA) and microRNA imaging in living cells. However, the kinetics of HCR depends on the diffusion of DNA reactants for random collision and interaction in the homogeneous environment. 15, 16 The reaction proceeding requires continuously searching for the next hybridizing probe in a three-dimensional fluidic space, which greatly prolongs the reaction time and compromises the reaction efficiency. [17] [18] [19] The amplification of [2] [3] [4] [5] fold/hour is usually achieved for conventional HCR in homogeneous environment, 20 and the incubation time for sufficient reaction is often more than 2 hours. 15, 16 Therefore, reaction acceleration is urgently needed for HCR in situ application. 4 Confining successive reactants together in a compact space maintains high local concentrations of reagents, thus promotes substrates transportation, protects them against damage, and accelerates reaction. [21] [22] [23] [24] DNA origami platforms have been used to transport enzymatic reaction substrates 25 and DNA probes in heterogeneous hybridizations [26] [27] [28] and strand displacement reaction 29 for reaction acceleration.
However, the related works all focus on studying reaction mechanism up to now, and haven't been extended to practical application for biosensing and bioimaging due to the limited number of imaging probes involved in successive reaction process and corresponding low sensitivity in detection. 26 Here we designed a DNA "nano string light" (DNSL) responsive to target mRNA based on accelerated DNA cascade reaction (DCR) along a DNA nanowire, and achieved sensitive mRNA imaging in living cells with highly enhanced reaction rate and efficiency. The DNSL was constructed by interval hybridization of modified DNA hairpin probe pairs (H1 and H2) to a DNA nanowire with reduplicated sequence segments generated by rolling circle amplification (RCA) (Scheme 1a). Self-quenched H1 was labelled with folic acid (FA) for receptor-mediated human cervix carcinoma (HeLa) cell endocytosis of DNSL. The intracellular target survivin mRNA then hybridized with one H1 in DNSL to trigger the cascade hybridization of H1 and H2
along the DNA nanowire due to their alternate arrangement in DNSL and programmed distance, which could instantly light up the whole DNSL with highly amplified signal gain (Scheme 1b). Compared with previously reported nonenzymatic catalytic amplification techniques 30, 31 and successive DNA hybridization on nanoplatform, [27] [28] [29] 5 the DNSL contained numbers of H1 and H2 as successive reactants in a confined space, which not only accelerated the reaction with high efficiency, but also enhanced the detection sensitivity with high signal gain. The biocompatible DNSL as a delivery vehicle also facilitated the intracellular delivery without the usage of exotic transfection reagents. Therefore, it created a promising detection platform for intracellular imaging and possesses potential application for disease diagnostics and therapy.
RESULTS AND DISCUSSION
Synthesis and Characterization of DNSL. As it shown in Scheme 1a, H1 and H2
were alternately aligned on the long continuous DNA nanowire produced by RCA to form DNSL. The H1 was synthesized by hybridization of hairpin 1 with H1 connect.
Hairpin 1 was composed of linkage sequence L1, toehold T1, and hairpin structure ST2'S', which was self-quenched by labeling with 5-carboxyfluorescein (FAM) dye and its black hole quencher (BHQ1) and recovered fluorescence upon hairpin opening (Table S1 ), while H1 connect was composed of sequence A1 which anchored to DNA nanowire and sequence L1' which was complementary to L1 at the 5'-end of hairpin 1.
H2 was a hairpin structure (S'T1'S) tailed with toehold T2, linkage sequence L2 and anchoring sequence A2 at 3' end (Scheme 1a). Toehold T1 in hairpin 1 was complementary to T1' in H2, and toehold T2 in H2 was complementary to T2' in hairpin 1. The sequence of target mRNA was complementary to the sequence of toehold T1
and S in hairpin 1 to trigger the accelerated DCR along the nanowire. The synthesis of DNSL was confirmed by 0.6% agarose gel electrophoresis experiment. After RCA reaction, a band with bases ranging from 400 to 1200 was appeared in lane 1 ( Figure   6 1a), suggesting the formation of DNA nanowire. 32 After DNA nanowire was mixed with H1 (lane 2, Figure 1a ) and H2 (lane 3, Figure 1a ), both the bands for H1 and H2 disappeared and an extended band with lower mobility was observed (lane 4, Figure   1a ), indicating the successful formation of DNSL. The DNSL structure was also characterized by atomic force microscopy (AFM). The DNSL tubes appeared to be quite rigid and monodisperse with an average length of 260 ± 100 nm and height of 2.5 nm (Figure 1b Though relatively large, the DNSL has outstanding biocompatibility due to DNA selfassembled skeleton, and had little influence on cell morphology ( Figure S12 ) and cell viability after 2-h incubation ( Figure S13 ).
To demonstrate the application of this strategy for signal amplification of intracellular mRNA imaging, HeLa cells were incubated with DNSL composed of self-quenched H1 and H2 to achieve folic acid (FA) receptor-mediated cell endocytosis, which showed bright fluorescence upon the signal amplification from DCR ( Figure 4a Their sequences were listed in Table S1 . Electrophoresis Analysis. 8% native polyacrylamide gel was prepared using 1×TBE
buffer. The loading sample was prepared by mixing 7 μL DNA sample, 1.5 μL 6×loading buffer and 1.5 μL UltraPowerTM dye, and placed for 3 min before injected into polyacrylamide gel. The gel electrophoresis was run at 90 V for 60 min in 1×TBE
buffer, and scanned with a Molecular Imager Gel Doc XR.
0.6% agarose gel was prepared using 1×TBE buffer. The gel electrophoresis was performed at 110 V for 60 min in 1×TBE buffer, and visualized via a Molecular Imager Gel Doc XR. 
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